Abstract. The negative-dimensional integration method (NDIM) is revealing itself as a very useful technique for computing massless and/or massive Feynman integrals, covariant and noncovariant alike. Up until now, however, the illustrative calculations done using such method have been mostly covariant scalar integrals, without numerator factors. We show here how those integrals with tensorial structures also can be handled straightforwardly and easily. However, contrary to the absence of significant features in the usual approach, here the NDIM also allows us to come across surprising unsuspected bonuses. Toward this end, we present two alternative ways of working out the integrals and illustrate them by taking the easiest Feynman integrals in this category that emerge in the computation of a standard one-loop self-energy diagram. One of the novel and heretofore unsuspected bonuses is that there are degeneracies in the way one can express the final result for the referred Feynman integral.
Introduction
In an effort to make sense of diverging integrals that have emerged in the field-theoretical approach to transition amplitudes, scattering matrices, and so forth, physicists introduced and developed the concept of extended dimensions [1] . This can be interpreted in a pragmatic way as a mere artifact of getting around a difficult problem. Nonetheless, the principle of analytic continuation behind it is mathematically well-founded, being self-consistent and well-defined. Thus, if we say that the beauty and the power of mathematics reside in the possibility of defining abstract entities that have no real connection to our physical world, and that from such entities, we can draw pertinent and meaningful properties that become relevant to our dimensionality, then the effort to go to these frontiers is worthwhile and enriching. We think of the negativedimensional integration method (NDIM) in such terms.
We work with negative dimensions and with precise analytic continuations, so that interesting results emerge from our exploration. A very useful technique stemming from this excursion is the method of integrating Feynman integrals in negative dimensions [2] . Instead of having the usual field propagators in the denominator of the integrands, we have them here as numerators. In other words, what we have here are, in essence, integrands of polynomial type. Of course, once the integral is performed in negative dimensions, it must be analytically continued back to our real, positive-dimensional world. The basis for doing this is set forth in our previous papers [3] [4] [5] .
Our aim in this work is to further illustrate the methodology of the NDIM, and for this purpose we take examples from the one-loop vacuum-polarization tensor diagram, which generates some Feynman integrals with tensorial structures. We show that the calculation of integrals with tensorial structures can be dealt with properly using the NDIM technology. Moreover, we show that this can be approached in at least two ways, which we consider with details in the next sections. A first approach is to just "copy" the steps used in the traditional positivedimensional approach, i.e., using derivative identities in the integrands. A second, novel approach is to define right from the beginning the relevant negative-dimensional integral corresponding to the Feynman integral we want to evaluate and proceed from there. Just to make the illustrations simpler and clearer, we restrict ourselves to massless fields, but the generalization to massive ones is not difficult to do.
Using differential identities
Let us first consider the following (vectorial) Feynman integral:
which clearly emerges in the calculation of a vacuumpolarization tensor of, e.g., quantum electrodynamics. This, of course, is easily calculated in the standard procedure of positive dimensions. The next question we address is: How is this done in the NDIM context? The structure of the above integral immediately suggests that a possible way of starting off NDIM calculation is to consider a Gaussian-like integral of the type This, in terms of the negative-dimensional integral
On the other hand, performing the momentum integration of equation (2) through the use of the following identity,
we get
where
Comparison of equations (3) and (5), term by term, yields the result for I µ (i, j, D; p) . After an analytic continuation to positive dimensions and negative values of exponents (i, j) [4], we get
where we have used σ = i + j + D and the definition for Pocchhammer's symbols
Next, we consider the tensorial Feynman integral
The procedure is completely analogous, now starting from
